Examination of 4379 routine urinalysis specimens with dipsticks sensitive to ascorbic acid showed that 22.8% were positive specimens. The mean urinary vitamin C concentration in this population was 2120 moi/L. There was a high rate of false-negative dipstick results for hemoglobin in patients with vitamin C in the urine. The highest false-negative rates were observed in urine samples containing <50 erythrocytes per high-power field. In further experiments when volunteers consumed supplemental oral USP vitamin C at doses of 100, 250, 500, and 1000 mg or vitamin C-containing fruit juices, even the lowest doses of oral vitamin C or juice resulted in sufficient urinary vitamin C to produce false-negative dipstick results in hemoglobin and glucose testing. To prevent potentially dangerous false-negative results, screening urinalysis protocols relying only on dipstick testing should include a check for urinary vitamin C or use a dipstickthat is not subject to vitamin C interference. As a result of frequently noting erythrocytes in microscopic urinalysis despite a negative dipstick screen result for hemoglobin, we undertook to determine the incidence and mean concentration of urinary ascorbic acid in our routine urinalysis population. We also studied volunteer laboratory workers taking 100-1000 mg of supplemental LISP vitamin C or one of three amounts of fruit juices to determine whether the urinary concentrations of vitamin C produced were sufficient to interfere with dipstick determinations of glucose and hemoglobin. Finally, we tested three of the most frequently used urinalysis dipsticks as well as one prototype dipstick to assess the degree of vitamin C interference in glucose and hemoglobin reactions, especially within the range of ascorbate concentrations found in our urinalysis population.
urinalysis protocols relying only on dipstick testing should include a check for urinary vitamin C or use a dipstickthat is not subject to vitamin C interference. indicator systems are known to be subject to interference by ascorbic acid. To date, however, no systematic studies have been published of the incidence or clinical significance of thin interaction in a typical outpatient ambulatory urinalysis population. Several dipstick manufacturers now claim relative resistance to vitamin C interference in hemoglobin and glucose determinations.
Vitamin C (ascorbic acid) is increasingly ingested as
As a result of frequently noting erythrocytes in microscopic urinalysis despite a negative dipstick screen result for hemoglobin, we undertook to determine the incidence and mean concentration of urinary ascorbic acid in our routine urinalysis population. We also studied volunteer laboratory workers taking 100-1000 mg of supplemental LISP vitamin C or one of three amounts of fruit juices to determine whether the urinary concentrations of vitamin C produced were sufficient to interfere with dipstick determinations of glucose and hemoglobin. Finally, we tested three of the most frequently used urinalysis dipsticks as well as one prototype dipstick to assess the degree of vitamin C interference in glucose and hemoglobin reactions, especially within the range of ascorbate concentrations found in our urinalysis population.
Materials and Methods
Ascorbic acid assay. Ascorbic acid in the urine was quantified either with a manual or an automated method. The manual method consisted of the oxidation of ascorbate by 2,6-dichioroindophenol, with subsequent hydrolysis and formation of an osa.zone by combination with 2,4-dinitrophenyihydrazine, which rearranged to a stable reddish-brown product that was measured photometrically (1 F.R.G.). Samples that tested positive for vitamin C with the Rapignost dipstick subsequently were analyzed for vitamin C by either the manual or the automated method-either within the same working day, or after storage at 4#{176}C until quantification of vitamin C assay by the automated method, or after being frozen for later analysis by the manual method. All frozen specimens were analyzed within 60 mm of thawing. Stability studies performed on control specimens stored and handled in this fashion revealed no significant deterioration in vitamin C content.
Vitamin C interference
with hemoglobin detection. We subsequently quantified the concentration of vitamin C in 129 of the 159 patients who had hematuria present on microscopic examination and who were positive for vitamin C by dipstick examination. The incidence of positive dipstick test results for hemoglobin in these urine samples was compared with the incidence of positive dipstick test results for hemoglobin in samples displaying hematuria but containing no ascorbate. For these comparisons, the degree of microscopic hematuria was stratified according to the following values for erythrocytes per high-power field (RBCsIHPF): 4-6, 6-10, 10-50, and >50. 
Results

Urinary Ascorbate Concentrations
Of 4379 Of the 407 patients with hematuria and no vitamin C in the urine, 43 tested negative for hemoglobin with Mu!-tistix. Of the 154 patients with hematuria and vitamin C in the urine, 109 had false-negative results for hemoglobin with Multistix, a significant difference (P = 0.001).
The incidence of false-negative results for hemoglobin detection was directly related to the degree of hematuria present on microscopic exam (Table 1) . With the ascorbate-positive urine specimens, false-negative rates ranged from >99% in specimens containing 4-6 RBCs/ HPF to 5% for specimens with >50 RBCsIHPF. Even when these specimens contained >10 RBCsIHPF, the false-negative rate was high (44%). In the ascorbatepositive specimens, a significant degree of hematuria (>50 RBCsIHPF) was required to produce a low falsenegative rate. In specimens with microscopic hematuria that were negative for vitamin C on dipstick testing, the sensitivity of the dipstick to hemoglobin improved once the urine contained >10 RBCs/HPF; in this group, a value >50 RBCsIHPF was associated with 0% falsenegative reactions for hemoglobin detection. 
Oral Vitamin C and Juice Supplementation
1/21 (5)
Number of erythrocytes per high-power field in microscopically examined urlnes. 
interference in Glucose Reactions
The 36 test urine specimens assayed were grouped by ascorbic acid and glucose concentrations ( Table 2) . With no ascorbic acid present, each strip performed as specified. When ascorbic acid at 500 or 1000 MmoIJL was added, the reagent strips reacted about as expected. At 2000 umol/L for ascorbic acid, both types of Multistix and the Rapignost strips showed a shift to weaker reactions, whereas at >4000 p.moIJL these three sticks showed abolition of reactions. The Chemstrip 10 showed Table 3 gives the data for interference with hemoglobin reactions in the urine specimens. With no ascorbic acid present, the dipsticks performed as specified 
Discussion
As the public has become more involved with healthcare issues, interest in alternative treatments such as Pauling have done much to promote self-medication with vitamin C (4). Our study was initially prompted by the frequent observation of dipstick tests that were negative for hemoglobin despite the consistent observation of erythrocytes in microscopic analysis of the same specimens.
Although aware of the public's interest in vitamin supplementation, we were still surprised to discover the relatively high proportion of our routine urinalysis population (22.8%) who demonstrated substantial amounts of urinary vitamin C. In 1986, Zweig and Jackson (5) stated that "interference in routine urinalysis of outpatients may be more common than is generally recognized because ascorbic acid is so commonly taken," but no formal study had verified their hypothesis. Published information on the frequency of signifi- After surveying a Scandinavian population, Berg (6) stated that ascorbate concentrations of 600-1200 imoI/L were found in 3-20% of urine specimens but that higher concentrations were very rare. Besides documenting a substantial incidence of urinary ascorbate, our study also shows that, within the population we surveyed, concentrations >2280 molIL are not uncommon.
Previous workers documented the interference of ascorbic acid with the dipstick indicator substances for hemoglobin (6, 7) . Our data confirmed that this was a problem in our routine urinalysis population. (8, 9) . Because most of these investigations did not include testing for urinary vitamin C, we speculate that unsuspected urinary ascorbate may have been responsible for some of these false-negative results. Any future investigations of individual dipsticks regarding hemoglobin or glucose testing should include measuring vitamin C in the test urine specimens.
Although there has been considerable debate regarding the extent of investigation appropriate for patients with hematuria, several recent studies indicated that hematuria of any degree should be followed up in older patients because it may indicate any of several treatable abnormalities (10) (11) (12) . Unsuspected vitamin C interference with dipstick hemoglobin testing could have serious consequences in this population. tests, the Chemstrip 10 appeared to be the most resistant to ascorbic acid interference with both glucose and hemoglobin determinations. The experimental Multistix formulation appeared to be less sensitive than the Multistix-1OSG to ascorbate interference for hemoglobin but not for glucose.
The high incidence of urinary vitamin C concentrations documented in this study, coupled with the performance characteristics of the strips tested, has several implications for routine urinalysis. The past few years have seen a tendency to attempt to reduce costs by streamlining laboratory procedures. Numerous authors have proposed that, if the results of macroscopic urinary examination and dipstick analysis are normal, one probably need not proceed with the microscopic examination (8, 9, 13, 14) . However, our study demonstrates that if such a policy is adopted and urinary ascorbate content is not considered, potentially dangerous false-negative results for hemoglobin and glucose may be reported. Some laboratories have attempted to circumvent this problem by using dipsticks such as the Chemstrip 10 that appear to be relatively resistant to vitamin C. Another approach would be to screen with a strip with a vitamin C indicator pad, such as the Rapignost Basic-Screen Plus. Subsequently, specimens that test positive for vitamin C could be reported as possibly invalid for hemoglobin and glucose determinations because of the presence of urinary vitamin C, or a subsequent microscopic urinalysis could be performed on all specimens that had tested positive for ascorbate.
All of the dipsticks evaluated in this study were supplied by the manufacturers free of charge except for the Ames Multistix.1OSG strips, which were purchased.
